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Know-how vom Erstousruster 
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eURIT/ESSEX 


r 



In alter Bescheidenheit: 
Acht von zehn Automobilen 
fahren mit Gurit-Essex 


Denn in fastjexiom Fahrxeug varstackt 
rich eine der innovativen System- 
losvngen van OurMssmx. Als Mark* 
fOhrer aufdon Gebieten Kleben, 
Damme n and Dichten sind >tvir seit 
Jahrxehnten Partner der Automobtt- 
herstettar, dmr Zutteferindvstrie, dmr 
Fachwerkstatten and des Handel*. 

Gemefnsam sfehen Qurifi&sex und 
Essex Specialty Product* Inc. fOr 
we l twita Prasenx und Kampetenz, 


Fi r men portr< 


Gurit-Essex (Deutschlond) GmbH 
Am Guterbahnhof 
D - 35683 Dillenburg 
Tel.: 0 27 71/87 14-0 
Fax: 0 27 71/87 14-70 

Rmienprofil/UefBrVW^ng* v «™^ is: 

Gurit-Essex: Pionier und Trendsetter bei Klebstoffen seit ube 

25 Jahren 

Der Markrfuhrer im Profil 

% Die Gurit-Essex AG worde 1 970 als selbstandiges Joint- 
Venture-Unternehmen gegrundet. Je 50% Beteiligung ha 
ten die international tatige Gurit Heberlein Gruppe sow 
die seit 1 989 zur Dow Chemical gehdrende Essex Spe- 
cialty Products Inc. (USA). Der Hauptsitz der Firma mit 
400 Beschaftigten liegt in Freienbach nahe Zurich 
(Schweiz). 

* In die Gurit-Essex integriert sind zahlreiche spezialisiert. 
Hightech-Betriebe. Heute vertogt die Firma in 5 weiterei 
Landern Europas - Deutschland, England, Franlcreich, 
Italien und Spanien - uber eigene Enrwicklungs- und Pre 
duktionsstatten beziehungsweise Vertriebsorganisatione 
Die Essex Specialty Products berreut die Markte Nord- 1 
Sudamerika, Asien und Australien. 
V Als Anbieter hochwertiger Werkstoffe und Systemlosunc. 
fur die Direkrverglasung im Automobilbau liefern Gurit- 
Essex und Essex Specialty Products 70-75% des weltw€ 
ten Bedarfs fur Erstausriisrung und Reparaturen. In Euro 
halt Gurit-Essex mit fast 80% Marktanteil die fuhrende : 
lung im Bereich der Scheibenverklebung. 

K Die Guritfssex stellt auGerdem vielerlei Produkte fur de 
Rohbau, die Lackiererei, die Endmontage sowie fur dei 
Reparatur- und Ersatzteilmarkt her. Unfer anderem ist si 
nach dem Erwerb von Revco (1992) und Sahm^hemii 
(1995) ouch zu Europas Marktfchrer im PVGUnterbod' 
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Application of Structural Foam in the Body in White - Reinforcement Roof Rail 
Side of the OPEL ASTRA 

Dpi. Ing. M. Klein, Adam Opel AG, Russelsheim 


Summary 

In order to achieve the aggressive internal passive safety targets, especially in 
the optimisation of the Opel Astra side impact behaviour, it was necessary to 
stiffen the upper B-pillar joint. 

Using the reinforcement roof rail side of the Opel Astra as an example, it will be 
shown how, through the use of structural foam reinforcements, high stiffness 
gains are achieved with minimum mass increases. 
The performance and mass efficiency of structural foam reinforcements in 
comparison with conventional steel sheet metal designs will be presented using 
simulation and development test results. 

In addition, the solutions to problems, which arose during the implementation 
phase of a large vehicle production, will be described. 


1. Introduction 

Ecology and efficiency today belong more than ever to the predominant 
objectives and goals in the development of future vehicles. The rising 
requirements in the passive safety of motor vehicles and thus in the body 
structures at the same time with increasing pressure to reduce vehicle weights 
further highlight the natural conflict of aims, in which the automotive 
development engineer is permanently trapped. 

During development in passive safety of the Opel Astra, therefore, special 
emphasis was placed on the performance and lightweight-to-strength efficient 
construction of the bodyshell. 

Using the example of optimizing the side impact behaviour of the Astra, the 
main steps from the basic concept right up to final production are described in 
the following. 
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Fig.1: Opel Astra structure B-Pillar/roof side 


2. Structural design of the B-pillar and roof frame 


In the design and optimization of the structure for side impact behaviour of the 
Opel Astra, emphasis was placed on the development of the body version 
without sun roof. This represents the structure-critical case for vehicles with 
very rigid, non-flexural B-pillars. 

Comparative investigations show advantages in deformations and penetration 
velocities as a result of the reinforcing effect of the sun roof structure in the 
upper support mounting of the B-pillar. 

Velocities of the B-pillar 



■ Without sun roof □ With sun roof 
Fig.2: Comparison of B-Pillar deformations and velocities with/without sun roof 




Fig.3: H-Section B-Pillar Fig.4: L-Section roof frame side 


As well as optimizing the outer geometry when designing the pillar, the vertically 
running reinforcement was laid on the exterior of the B-pillar profile. As a result, 
the geometrical moment of inertia in the x axis within the critical range could be 
increased on average by 7.2%. 

For further improvement in pillar stiffness, high-strength steel was used for 
reinforcement so that the deformation within the critical range of the upper ribs 


could be reduced in comparison to a conventional design with inner B-pillar 
reinforcement by a total of 33%. 

The B-pillar designed to be very resistant to collapse in this way requires two 
correspondingly dimensioned support mountings, which in each case can 
absorb the high support forces at the upper and lower end of the pillar. Only in 
such a way can the performance of the high-strength design be fully utilized. 
In the lower pillar joint, this support mounting is implemented by the external B- 
pillar reinforcement gripping all around the door-sill. The material transition to 
the outer skin is covered in this case by the standard door-sill panel. 
However, in the upper joint this solution is not possible for stylistic reasons. B- 
pillar reinforcement gripping around would lead here to unacceptable exterior 
design because of two visible seams over the outer skin of the side roof. 
Nevertheless, structural transmission of energy between the external B-pillar 
reinforcement and the side roof structure is essential. 
This also became clear in the initial practical side crash tests which 
accompanied the develop stages. Without high-strength lateral transmission of 
energy in the upper B-pillar joint the highly-demanding targets for deformation 
and minimum injury in the event of a side crash could not be reached (see also 
Fig. 17 in this connection) 

Therefore, alternative reinforcement concepts have been examined, which are 
described in detail below. 


3. Problem definition and conditions 

The basic aim of the necessary optimization of side impact behaviour was to 
influence the kinetics of the bodyshell components involved in the side crash in 
order to achieve the internal objectives for car-body deformation and 
passenger-injury levels. 

In particular deformation in the B-pillar upper/roof area had to be reduced, since 
this has a crucial influence on passenger injury levels within the rib area. 
Fig. 17 clearly shows the collapse of the side roof frame, which was responsible 
for the B-pillar upper turning inwards and thus for the initially high rib 
deformation. 

Further requirements of the design for reinforcing the upper B-pillar joint were: 

• No impairment or change of the exterior design 

Avoidance of inward flexing of the side roof frame in the event of a side 

crash 

• Minimum weight 

• Integration into fully automatic production of the side panel assembly 

• A design solution for saloon and caravan 
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4. Design solutions 


Firstly, to solve the problems, the obvious conventional methods were 
examined. That is to say, apart from geometric optimization metal reinforcement 
concepts such as increase in metal thickness, use of high-strength steel or 
auxiliary reinforcement were examined and simulated. 
In principle, there were various alternatives, which related to the reinforcement 
of the roof structure oriented in the x axis and the roof structure oriented in the y 
axis as well as a combination of the different concepts. 


Structure of B-pillar upper 
Design solutions 



Fig.5: Alternatives to increase structures stiffness of B-Pillar upper 

It very quickly became clear that the roof structure in the y direction, that is to 
say although the central roof arch assumes an important basic support function, 
velocities of the upper B-pillar can only be controlled in a very limited way via 
here. 




mm 
mm 
mm 
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Fig.6: Deformations of alternative solutions 
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Fig.7: Velocities of alternative solutions 

The penetration velocities are reduced considerably more efficiently by 
methods, which prevent the side roof frame cross section collapsing so that 
optimum transmission of energy from the external B-pillar reinforcement to the 
inner roof arch is guaranteed. 

With conventional ideas for improving the frame structure, this objective could 
only be met with a very large weight factor. 
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Fig.8: Weight comparisons of alternative solutions 


5. The solution - use of structural foam to produce the bodyshell 

The use of structural foam in the side roof frame proved to be a very efficient 
weight-to-strength solution to the problem, as this prevents premature collapse 
of the profile in the event of a side crash. 

In the following iteration stages, the initial full foam expansion of the profile 
cross section over a thin metal support tube encased with structural foam was 
developed to an even lighter alternative with a flexible PA support tube. 
In comparison to the thin metal tube version it was possible to reduce the 
weight by nearly 50% at the same time increasing rigidity by 26%. 


[Force travel curves 
Comparison between metal and PA 6.6 support tube] 
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Fig.9: Force travel curves steelVpolyamid tube 



Fig. 10: Structural foam reinforcement in vehicle 


[Structural foam reinforcement] 
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Fig.11: Structural foam reinforcement with Punjabi-carrier 


Fig. 1 1 shows the reinforcement tube in current production of the Astra with its 
design characteristics. 

The tube concerns a heat-activated single pack epoxy structural material, which 
after being pre-applied on a polyamide carrier is inserted in the side panel of the 
welded assembly during bodyshell production. 
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As it travels through the electrophoretic primer oven, the foam expands and 
forms a structural bond with the surrounding sheet metal of the side roof frame. 
A high-strength cross-stable composite structure results. 

Beside the stability requirements of the component, a further series of criteria 
for safe use in production had to be met: 

1 Capability of being used in bodyshell production 

2 Safe reaction/structural bonding with the finished body 

3 Compatibility with the high temperatures and materials during the 
painting process 

4 Suitability for manual and automatic operations 

5 Flexibility in component configuration (zero inclusions, centering, 
maximum utilization of the cross-section) 

6 Capability of being used in different geometries (caravan, saloon) 

7 Resistance to aging 

8 Shelf-life of at least 3 months 


[Structural foam B-pillar upper] 
[Expansion / temperature / reaction time] 
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Fig. 12: Expansion rates depending on temperature and process time 


[Structural foam B-pillar upper] 
[Expansion over time and temperature] 



Fig. 13: Expansion rates depending on temperature and process time 
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The two diagrams Fig. 12 and 13 show the link between expansion behaviour 
and temperature/reaction time. 

In principle, the expansion rate of structural foam increases with increasing 
temperature and reaction time on the component. 

When the reaction time is constant the expansion rates rise continuously over 
the entire temperature range shown here. 

If the expansion rates are regarded as a function of the reaction time, then it is 
seen that the figures after periods between 15 and 25 minutes and with the 
temperature constant level out at different temperature-related limits. Longer 
periods lead to no further rise. 

So that the full expansion of the structural foam is achieved and thus the 

strength requirements can be met with safe production it must be ensured that 

the body is exposed to the temperature in the electrophoretic primer oven for 

the minimum duration of the corresponding temperature range. 

In this connection, Fig. 14 shows the minimum times, which are necessary to 

ensure the maximum expansion of the structural foam. 

The temperature-time frame of the bodyshell passing through the 

electrophoretic primer oven is sufficiently distant from this limit curve. 

When the component is fitted in the vehicle expansion rates of between 105% 

and 134% occur. 


[Structural foam B-pillar upper] 
[Expansion /temperature / reaction time] 
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Fig. 14: Dependence of min. process time and expansion rate from process 

temperature 

The lower expansion rate of the structural foam of 105% enables the 
geometries of the roof frame cross sections which vary by up to 7 mm between 
saloon and caravan to be strengthened by a common component. Therefore it 
was possible to save substantial capital expense in the automatic production 
line for assembly of the side panel (see Fig. 15). 
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Fig. 15: L-Section through roof frame side Fig. 16: Roof frame with 

structural foam 

6. Practical trials and results 

The practical side crash tests accompanying the development stages showed 
good correlation with the preceding simulation calculations. 
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Fig.18: Static B-Pillar deformations 


Fig. 17 and 1 8 show the influence of the reinforcement methods in the roof area 
on the static deformation of the B-pillar. 

Out of the alternatives with conventional steel reinforcement the most 
favourable alternative, that is to say with closed roof arch profile is shown here. 
It can be seen that the static intrusions on top could be reduced by up to 40%. 
The best result by far, however, is obtained with the structural foam tube. In 
comparison to the starting point, static deformation in the upper B-pillar could be 
reduced here by more than 87%. 
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The reduced deformation trend of the B-pillar continued pendulum-wise 
downwards and even reached a 21% improvement in the vicinity of the upper 
ribs. 

Near the door-sill, the differences are only marginal. 

The deformation rates and thus the injury levels behave similarly to the static 
deformation. 

Fig. 19 shows the improvements particularly in the vicinity of the upper ribs 
critical at the start. In this case penetration velocities could be reduced by 64% 
and the injury levels by 36%. 
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Fig. 19: Rib deflection and visco criterion 


7. Use in production 

In particular, when using new concepts and materials for line production, 
specific preparatory steps accompanying the run-up phase have to be taken to 
safeguard the production process and the planned production quantities. 
Normally, today such action is planned and implemented through appropriate 
FMEAs. 

The use of structural foam at four different production facilities turned out to be 

a peculiarity in this connection. 

The Opel Astra is produced at the following car plants 

• Eisenach, 

• Antwerp, 

• Ellesmere Port and 

• Bochum 


Naturally, not all the car plants have absolutely identical infrastructures. 
Historically developed infrastructures combined with different production 
volumes and other overall conditions mean a very wide spectrum of variable 
factors is involved for handling the reinforcement tubes in production. 
While the influences on production and product during handling in the different 
works could to a large extent be eliminated by the installation of new production 
and transport facilities, the different paint shops and ovens and thus different 
temperature conditions continued to remain for the new component. 
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Whatever the differences, which could be neglected during the previous 
processes, can lead to problems in handling a thermally activated structural 
foam. 

7.1 Expansion of the structural foam 

As already shown in Fig. 12-14, the single pack epoxy structural material 
expands under heat depending on temperature and time. 
The expansion rates under the given electrophoretic primer conditions vary 
between 105% and 134%. 

This relatively wide range in expansion rate requires design provisions, which 
prevent the foam expanding into areas, which have to kept free. 
In the case of the reinforcement tube, this involved the provision of appropriate 
cavities and holes with edge disconnection on the support tube. As a result, the 
expanding foam is prevented from penetrating into areas, which have to be kept 
free for functional reasons (e.g. holes for securing clips). 


Fig.20: Design provisions to control expansion 
7.2 Surface quality of the outer skin 

Another problem, which had to be resolved after the initial painting trials in the 
production plants, was ensuring the surface quality of the outer skin in the 
vicinity of the structural foam tube. 

After the test vehicles were painted, markings appeared in each case at the 
front and rear end of the reinforcement tube in the visible area of the side roof. 



[Section] 



Fig.21 : Sink marks in the side panel outer 
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What as first thought could be regarded as a consequence of too strong 
expansion of the structural foam, turned out after more exact analysis too be a 
reaction of the side panel outer to the different thermal behaviour of the 
materials involved i.e. the PA, epoxy structural foam and steel. 
Here, forces come to lay over each other due to material shrinkage and different 
expansion rates. 

7.2.1 Thermal reaction 

a) Thermal expansion 

While travelling through the electrophoretic primer oven the PA tube, the 
structural foam and the surrounding metal heat up to 190°C. 
Since the structural foam is relatively soft during the foam-setting process and 
only offers minimum resistance, the PA tube expands to a greater degree 
compared to the stable sheet metal on account of its higher heat expansion 
coefficients (see Fig. 23). 

In regard to thermal expansion, the following applies: 

«=s=y 


AL wd = Length difference (thermal expansion) 

Li = Initial length 

a = Thermal expansion coefficient 

AT = Temperature difference 


In regard to the tube diameter the following applies similarly: 


0 • U • 


tuw. 


(2) 


D = Tube diameter 

AD wd = Diameter difference (thermal expansion) 

U = Tube circumference 

AU wd = Circumference difference (thermal expansion) 

Ui = Initial circumference 
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[Thermal expansion PA 6.6 /sheet metal\ 
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Fig.23: Temperature elongation Punjabi-tube vs. sheet metal 

The reinforcement tube expanded to a greater degree compared to the sheet 
metal by 0.24 mm or 1 .19 mm becomes bonded at the high temperature level in 
the electrophoretic primer oven to the surrounding side panel both inside and 
outside. 

During cooling to ambient temperature the PA tube by bonding with the 
surrounding sheet metal structure is prevented from recovery of the thermal 
expansion and from material shrinkage. The reset forces of the PA tube and the 
structural foam are transmitted to the outer skin. While the changes in width act 
directly perpendicularly on the outer skin surface, the length variations create a 
kind of "bimetal effect". Both effects lead to visible markings on the outer skin. 
In this connection, Fig. 24 shows the material reaction times over the process 
temperature. 
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Fig.24: Structural foam curing depending on process temperature 
b) Shrinkage (structural foam) 

As is the case with all other plastic materials the structural foam also shrinks in 
the cooling stage after the foam has expanded and thus geometrical changes 
occur. 

While in the case of injection-moulded plastic components this shrinkage can be 
influenced by process and material parameters such as temperature, dwell 
pressure and fillers, in the case of structural foam only the fillers act as 
correction factor. 

Measurements of shrinkage on the finished component after passing through 
the electrophoretic primer oven proved extremely difficult, since it would have 
been necessary to separate the sheet metal outer skin from the expanded foam 
reinforcement tube to do this. The measurement results would therefore have 
been useless. 

As a guide, therefore, shrinkage was estimated using freely expanded foam. 
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This is about 0.5%, so that absolute changes of 

AL«, - mm 
A D,. - 0.15 mm 

AUs = Length difference (shrinkage of structural foam) 
AD SS = Diameter difference (shrinkage of structural foam) 

result. 

c) Post shrinkage (PA support tube) 

Plastic components can undergo geometrical changes under certain 
temperature conditions even after the actual production process due to 
shrinkage of the material. This is generally known as post shrinkage and can be 
controlled by tool design and process parameters. 

Measurements of the PA support tube before and after passing through the 
electrophoretic primer oven gave the following results: 

A * O.t nun 
nOy* * 0,1 mm 

ALspa = Length difference (shrinkage of PA tube) 
ADspa = Diameter difference (shrinkage of PA tube) 


7.2.2 Remedies 

Basically, material shrinkage and thermal expansion coefficients can be 
controlled to some extent by the filling agents in the materials. Furthermore, 
material shrinkage can also be influenced by process parameters during 
production (e.g. tool temperature, cycle time, dwell pressure) or by thermal post 
treatment of the components (tempering). 

Based on the thermal movement of the components concerned shown in the 
above paragraph in this case relative movement between the plastic and metal 
of up to 3 mm in the longitudinal and 0.6 mm in the transverse direction have to 
be compensated, in order to prevent any surface defects on the visible outer 
skin. 

Due to the already relatively high filler content in the PA tube (30% fibreglass) 
and in the structural foam (25 % glass bead) reductions in material shrinkage 
and thermal expansion are only possible with great difficulty in this order of 
magnitude. 

The crucial improvement was finally achieved by local separation of the 
structural foam from the outer skin surface. 

By applying a heat resistant separation cap on the outer skin side of the 
reinforcement tube, the foam is prevented from bonding with the outer skin of 
the bodyshell. The thermal reaction forces of the plastic components are 
therefore no longer transferred in this area to the outer skin. No further surface 
defects develop. 
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Fig.25: Reinforcement tube with separation cap 


[Surface measurement 
[ With/without separation cap] 
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[Deviation] 

[Length] 

[ Without separation cap With separation cap] 
Fig.26: Waves in upper surface with/without separation cap 


Fig. 26 shows surface measurements in the area of the sink marks with and 
without separation cap. Surface defects are reliably eliminated with the 
separation cap. The remaining irregularity of the measured values are to do with 
the measuring and manufacturing tolerances and lies outside the range 
perceptible to the human eye. 
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Fig!27: Automatic assembly station side panel complete 
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Construction of a Crashbox, Taking Particular Account of Performance, Where 
Impact is Not Head-On, but at an Angle 

Dipl. Ing(BA) L. Jungling, M. J. Beck, Dipl. Ing. (FFI) R. SchuBler, WAGON 
Automotive GmbH, Waldaschaff 


Summary 

In modern automotive production, the design of the vehicle body plays an ever 
greater role in regard to controlled deformation behaviour and ease of repair. 
The damage arising, in particular at the front and tail of the vehicle, which is 
determined in the so-called crash repair test, is observed. These findings are to 
a considerable degree responsible for classifying the type classes for 3 rd party 
as well as comprehensive car insurance. 

In this case, the "bumper stretcher crashbox" system plays a major role in the 
front area. 

Based on actual road traffic accidents in particular the crashbox is observed not 
only under the 0° crash test configuration, but up to an angle of 15°. With higher 
crash angles an evaluation of the force or stress distribution between the 
stretcher and crashbox must be carried out, since the engine longerons 
collapse above a certain force, which must be prevented in order to prevent 
costly repairs. 

The new crashbox geometry (Defo element) shows how through deliberate 
optimization of the shape a universal, single-material component can meet the 
higher requirements for energy absorption concerning diagonal impact. 
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Know-how from the OEM supplier 


Without boasting: Eight out of ten cars drive with Gurit Essex 


Because in nearly every vehicle one of the innovative product systems from 
Gurit Essex is concealed. As market leader in the field ofadhesives, insulating 
and sealing materials we have for many decades been partners of car 
manufacturers, OEM supply industry, specialist workshops and trade. 

Gurit Essex and Essex Specialty Products Inc. together represent global 
presence and competence. 

Gurit Essex (Deutschland) GmbH 
Am Guterbahnhof 
D - 35683 Dilienburg 
Tel.: 0 27 71/87 14-0 
Fax: 0 27 71/87 14-70 

Firm profile/products and services: 

Gurit Essex: pioneers and trendsetters in the adhesive industry for over 25 
years 

The market leader in brief 

Gurit Essex AG was created in 1 970 as an independent joint venture 50% of 
which being held by the international Gurit Heberlein Group and 50% by Essex 
Specialty Products Inc. (USA), since 1989 part of Dow Chemical. The head 
office of the company employing 400 people is based in Freienbach near Zurich 
(Switzerland). 

Various specialist high-tech companies are integrated in Gurit Essex. Today, 
the company has its own development and manufacturing plants and/or 
distributing organizations in 5 other European countries - Germany, England, 
France, Italy and Spain. Essex Specialty Products takes care of the North and 
South America, Asia and Australia markets. 

As suppliers of high-quality materials and product systems for direct glazing in 
automotive production, Gurit Essex and Essex Specialty Products supply 70- 
75% of the worldwide requirement for the automotive OEM and aftermarkets. In 
Europe, Gurit Essex with a market share of nearly 80% is No. 1 in the 
windscreen bonding field. 

In addition, Gurit Essex supplies many different products for bodyshell 
construction, the paint shop, final assembly as well as for the repair and 
aftermarket. Among other things, it has also become after acquiring Revco 


(1992) and Schm Chemie (1995) European market leader for PVC underbody 
protection. 

Longstanding customers of Gurit Essex in Europe are practically all the major 
automotive companies such as Audi, BMW (Rover), Fiat (Alfa Romeo, Lancia), 
Ford, Jaguar, Mercedes Benz, Opel, Porsche, PSA (Peugeot) 
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